S2

S1 -General Considerations
All manipulations were, unless stated otherwise, performed under inert atmosphere in an argon or nitrogen filled MBraun glovebox or using standard Schlenk techniques. Anhydrous solvents were either dispensed from an MBraun solvent purification system or dried using 3/4Å molecular sieves and were degassed before use. Chemicals were purchased from Sigma-Aldrich, Strem or TCI and were dried/degassed before use. Air and/or moisture sensitive materials were stored in the glovebox.
Deuterated solvents were purchased from Eurisotop, dried using molecular sieves, degassed and stored in the glovebox.
Ligand L1 was purchased or prepared according to literature procedure by Spasyuk et al. 1 In this particular synthesis, a viscous liquid was obtained containing ~60% of the desired ligand. Traces of other phosphorus-containing compounds were observed in 31 P-NMR (toluene-d 8 , free ligand at δ = -21 ppm). The oil was used directly for synthesis without further purification.
NMR spectra were recorded on a Bruker UltraShield 400 MHz spectrometer. 1 
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S2 -Synthetic Procedures 1 -Mn(PN) 2 (CO) 2 Br
In the glovebox, a dry 50 ml Schlenk flask was loaded with a magnetic stirring bar, 275 mg (1.0 mmol, 1 eq.) Mn(CO) 5 Br, 459 mg (2.0 mmol, 2 eq.) L1 and 15 ml dry toluene to yield a yellow solution. The flask was taken out of the glovebox and was stirred for 24 h at 100°C while venting CO through an oil bubbler. A yellow solid forms shortly after the reaction is started.
CAUTION: Carbon monoxide is released upon addition/heating of the suspension. Allow for adequate ventilation and use of personal safety equipment.
Afterwards, the suspension was allowed to cool to room temperature. Toluene was removed by cannula filtration (1.6 µm) and the yellow solids were washed/triturated with n-pentane (10 ml). The solids were dried in vacuo to yield 594 mg of a pale yellow solid (91%).
Proton spectra integration are normalized to one ligand for clarity. 
S6
-Mn(PN)(CO) 3 Br
In the glovebox, a dry 50 ml Schlenk flask was loaded with a magnetic stirring bar, 275 mg (1.0 mmol, 1 eq.) Mn(CO) 5 Br, 230 mg (1.0 mmol, 1 eq.) L1 and 15 ml dry toluene to yield a yellow solution. The flask was taken out of the glovebox and was stirred for 24 h at 100°C while venting CO through an oil bubbler. Over time an orange/golden yellow suspension is formed.
Afterwards, the suspension was allowed to cool to room temperature. Toluene was removed in vacuo and 10 ml THF was added to extract 2 from the mixture of solids (containing 1 and 2). The golden liquid was removed by cannula filtration (1.6 µm) and concentrated under vacuum to 2-3 ml. Complex 2 was subsequently precipitated by addition of 20 ml n-hexane under rapid stirring. The solids were washed with toluene (5 ml) and washed/triturated with n-hexane (10 ml). The solids were dried in vacuo to yield 331 mg of a bright yellow solid (74%).
Derivatization of 2 for ESI-MS: In the glovebox, 10.0 mg 2 was reacted overnight with 6.7 mg AgPF 6 and 10 ml acetonitrile in a 20 ml vial. The vial was wrapped in aluminium foil and stirred at room temperature. Afterwards, 100 µl of the mixture was diluted with 1.5 ml acetonitrile and was passed through a 0.45 µm PTFE syringe filter. In the glovebox, a dry 50 ml Schlenk flask was loaded with a magnetic stirring bar, 213 mg (0.78 mmol, 1 eq.) Mn(CO) 5 Br, 2.8 ml 10 wt% L2 in THF (500 mg L2, 1.55 mmol, 2 eq.) and 15 ml dry toluene to yield a yellow solution. The flask was taken out of the glovebox and was stirred for 21 h at 100°C while venting CO through an oil bubbler. A yellow solid forms shortly after the reaction is started.
Afterwards, the suspension was allowed to cool to room temperature. Toluene was removed by cannula filtration (1.6 µm) and the yellow solids were washed/triturated with n-hexane (10 ml). The solids were dried in vacuo to yield 319 mg of a pale yellow solid (80%).
S12
S3 -Catalytic Hydrogenations
Small-Scale Catalytic Hydrogenations
Inside the glovebox, appropriate amounts of catalyst and base were weighed out and were transferred to a 10 ml stainless steel autoclave equipped with a PTFE-coated magnetic stirring bar. To the solids were added solvent, n-dodecane as internal standard and substrate and the autoclave was closed.
Typical loadings: 2.2 mg 2 (5 µmol, 0.5 mol%), 84.2 mg KO t Bu (0.75 mmol, 75 mol%), 50.0 mg ndodecane, 2 ml THF and 126 µl (1 mmol) methyl benzoate.
The autoclave was taken outside of the glovebox, purged with H 2 (3 x 20 bar) and pressurized to the desired hydrogen pressure. The autoclave was fitted inside a metal heating mantle on a magnetic stirring plate. The reactors were stirred at 1000 rpm and heated to the desired temperature (5 minutes heating time was assumed).
Afterwards, the autoclave was cooled down in a cold water bath and the gas was vented. A stoichiometric amount of trifluoroacetic acid was added to protonate alkoxide salts in the reaction mixture (Note: this step was found to be necessary to obtain acceptable mass balance in the GCanalysis). The reaction mixture was sampled (200 µl), diluted with THF (0.5 ml) and analyzed as described.
S13
Reaction Condition Screening 
Solvent Optimization
Large-Scale Catalytic Hydrogenations -Kinetic Experiments
Reactions were performed in a 100 ml Top Industrie stainless steel autoclave. The autoclave was fitted with a Bronkhorst EL-FLOW mass flow controller and digital pressure gauge to maintain constant hydrogen pressure inside the reactor. Before use, the autoclave was heated to 100°C, evacuated (≥10 min) and refilled with argon at least thrice. Prior to addition of chemicals, the autoclave temperature was reduced to ~65°C.
Inside the glovebox, appropriate amounts of 2, KO t Bu and n-dodecane were weighed and were dissolved in THF, upon which the solution was transferred to a syringe. The substrate and a minor amount of solvent were taken up in a separate syringe and both were capped with a rubber septum.
The mixtures were introduced to the autoclave by syringe transfer. The substrate/THF solution was kept in an isolated injection port to allow pre-heating and pressurization without the presence of substrate.
Typical loadings: 33.6 mg 2 (75 µmol, 0.5 mol%), 1.26 g KO t Bu (11.75 mmol, 75 mol%), 379 mg ndodecane, 27.6 ml THF and 1.9 ml (15 mmol) methyl benzoate. Total volume: 30 ml. Initial substrate concentration: 0.5 M.
Upon addition of the reaction mixture, stirring was engaged (300 rpm) and the autoclave was heated to 100°C (internal temperature, verified by thermocouple). Once at the desired temperature, hydrogen was introduced to the desired pressure. Upon stabilization of the hydrogen uptake, the substrate/THF solution was introduced to the autoclave. Reaction progress was monitored from the hydrogen flow through the mass flow controller. 
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Catalytic Hydrogenations -Analytical Details
Products were identified using retention times from reference samples and using GC-MS. Traces of benzaldehyde were observed in the reaction mixtures. 
GC-FID
Substrate Scope & Ester Substituent Screening
Inside the glovebox, an appropriate amount of KO t Bu was transferred to a 5 ml crimp vial equipped with a glass-coated magnetic stirring bar. 1.0 ml 2.0 mM solution of 2 in 1,4-dioxane (2 µmol, 0.2 mol%) was added, containing n-dodecane as an internal standard (~50 mg). 1.0 ml 1,4-dioxane and the substrate (1 mmol) were added and the vial was capped with a PTFE-lined septum.
The vials were loaded in a Premex 96er parallel reactor and the system was purged with N 2 (3 x 10 bar) and H 2 (3 x 20 bar). The reactor was pressurized to 50 bar H 2 , heated to 100°C and stirred at 300 rpm for 16 hours (substrate scope) / 3 hours (screening).
After the reaction, 60 µl trifluoroacetic acid was added to quench the base. The mixture was sampled (400 µl), diluted with THF (1.0 ml) and analyzed as described. Results for substrate scope are provided in Scheme 3 of the manuscript. 
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Substrate Scope & Ester Substituent Screening -Analytical Details
Products were identified using retention times from reference samples and using GC-MS. 
S4 -Crystallographic Details
Crystals suitable for X-ray diffraction were obtained by layering of a saturated solution of 1 in methanol with diethylether. Crystals of 2 were obtained by layering a solution of 2 in THF (~25 mg/ml) with nhexane.
CCDC 1531396 (1) and 1531246 (2) contain the supplementary crystallographic data for this paper.
-Mn(PN) 2 (CO) 2 Br
Data were collected on a Bruker Kappa APEX II Duo diffractometer. The structure was solved by direct methods (SHELXS-97) 3 and refined by full-matrix least-squares procedures on F 2 (SHELXL-2014). 
S5 -Computational Details
All DFT calculations were carried out using the hybrid PBE0 [9] exchange-correlation functional as implemented in Gaussian 09 D.01 program. [10] Previous benchmark studies evidenced the high accuracy of this method for the description of a wide range of chemical systems.
[11] The all electron 6-31G(d,p) basis set during geometry optimization and vibrational analysis. The electronic energies were further refined by single-point calculations with 6-311+G(d,p) basis set on all atoms. All complexes were treated as neutral species.
The nature of the stationary points was evaluated from the analytically computed harmonic modes.
No imaginary frequencies were found for the optimized structures, while all transition states exhibited a single imaginary frequency, corresponding to the eigenvector along the reaction path. The assignment of the transition state structure to a particular reaction path was tested by perturbing the structure along the reaction path eigenvector in the directions of the product and the reagent followed by geometry optimization. The reaction (ΔE ZP E ) and activation energies (E ZP E ‡ ) reported in the manuscript were corrected for zero point energy contribution computed using the results of the normal-mode analysis.
Reaction Gibbs free energies (ΔGº) and activation Gibbs free energies (G°, ‡ ) were computed using the results of the normal-mode analysis within the ideal gas approximation at a pressure of 1 atm and temperatures of 373 K. For species in solution, entropic contribution due to translation was considered as a ½ of that predicted for the isolated molecule in the gas phase. 
